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ABSTRACT 


Energy Savings Performance Contracts (ESPC) are energy-related construction 
projects that are financed by a non-Department of Defense third party. This type of 
contract requires the contractor to perform the construction as well as the maintenance of 
installed equipment during the life of the financing agreement with the Navy. The 
Commander, Naval Installation Command (CNIC) must give approval for all Navy ESPC 
projects to proceed. CNICs are not provided future cost analysis to aid in deciding 
whether to approve or disapprove ESPC projects. Eailure to approve the use of the ESPC 
for the required work will typically mean that the work must wait several years for 
appropriations funding to become available. During this time, the Navy will not realize 
the potential energy savings and associated benefits of the energy project. This analysis 
compares the Return on Investment for five energy project alternatives at Naval Air 
Station (NAS) Pallon, NV. Of these five, the ESPC alternative has the most benefit per 
this analysis, saving $1.3M over 20 years. CNIC can use these results to reinforce their 
decision to proceed with the NAS Pallon ESPC project. 
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I. 


INTRODUCTION 


Many Navy buildings have outdated equipment that waste energy in ways that 
eould be minimized with modem equipment. A positive way of looking at this situation is 
to say that these buildings are a goldmine for future energy savings if the right investments 
are made to improve them now. Upon the reeommendation of Naval Faeilities Engineering 
Command (NAVEAC) Southwest, this paper will be an analysis of future energy eosts that 
would be ineurred in several seenarios at Naval Air Station Eallon (NAS Eallon), Nevada if 
a projeet reeently under proposal, were not allowed to be awarded in its eurrent form as an 
Energy Savings Performanee Contraet (ESPC). This analysis ean support the deeision- 
making proeess for similar future projeets. 

The Navy’s budget requires NAVE AC to prioritize infrastmeture restoration and 
modernization projeets to deeide whieh to fund and whieh to plaee on hold. Additionally, 
the Department of Defense (DOD) has been mandated to pursue energy reduetion goals 
through deereased eonsumption and improvements in infrastmeture. These two realities ean 
often be at odds with one another. The Navy wants to reduee energy eonsumption in its 
buildings, but the neeessary work to aoeomplish this is frequently low on the priority list 
and funding ean be years away. In the interim, energy ineffieieney eontinues to drain 
resourees. ESPCs are a viable alternative to funding the work and beeause they are not an 
appropriation, these types of projeets ean eome to exeeution more quiekly. 

ESPCs do deserve additional examination prior to approval sinee they are a way of 
finaneing a projeet rather than eompletely funding it up front. This type of eontraet will 
obligate the Navy to several years of eompensation to the eontraetor who eompletes the 
work. The deeision to finanee a projeet ean be diffieult due to uneertainty of future funding 
availability. The deeision to proeeed with ESPCs is elosely semtinized, as it should be, 
however, exeessive delays equate to missed-out energy savings while the projeet “green- 
lighf’ waits. If a proposed projeet is rejeeted on the grounds of being fmaneed, the work 
must wait several years while eongressionally appropriated funds are requested. Potential 
energy savings are lost during this time. 
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This analysis can supplement the ESPC project proposal which only demonstrates 
the direct future benefits of proceeding with the project. The Commander, Naval 
Installation Command (CNIC) must approve all Department of the Navy (DON) ESPC 
projects. This analysis examines the following alternatives for comparison: 

• Status Quo Alternative in which there is no action taken 

• ESPC Alternative in whieh the ESPC is awarded 

• Eighting Alternative in which only the lighting portion is awarded as a non- 
ESPC project 

• HVAC Alternative in which only the HVAC portion is awarded as a non- 
ESPC project 

• Eighting/HVAC ECM Alternative in which both portions are awarded as a 
combined non-ESPC project 

This analysis provides CNIC with an estimate of the future costs of rejecting this 
ESPC project at NAS Eallon now and proceeding with any one of the other alternatives. 
Using raw data from many projects similar to the one in question, this analysis starts by 
developing a cost model to estimate the cost for NAVE AC to award the NAS Eallon 
project outside of an ESPC. Next, the energy savings from each alternative are calculated 
over the period of analysis for the project. Eastly, a Savings to Investment (SIR) ratio is 
developed for each alternative to find the best option. Ultimately, the analysis demonstrates 
that the ESPC alternative is the best course of action for the Navy with a SIR ratio of 1.25 
as compared with the next best alternative of 1.01. 

The rest of this analysis will proceed as follows. The background information 
discusses the Navy’s current energy policies ineluding the efforts to reduce shore-based 
energy consumption as well as the methods employed to achieve that goal. The literature 
review provides a short discussion on the merits of reduced energy consumption and the 
role that ESPCs play in that effort. Chapter III deseribes the sources of the raw data used to 
develop cost models as well as the way in which the eost models were developed and 
ranked. Chapter IV is the methodology used to develop the five alternatives under 
consideration and the assumptions that this analysis takes. Chapter V discusses the results 
of the analysis as well as the sensitivity of those results when the underlying assumptions 
are manipulated. Einally, the last chapter concludes this analysis. 
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II. BACKGROUND AND LITERATURE REVIEW 


A. POLICIES FOR ENERGY MANAGEMENT 

The Navy’s energy policy is guided by several policy documents at the federal 
level, the DOD level, as well as at the DON level. The federal Energy Policy Act of 2005 
was passed with the intent of improving energy efficiency in federal buildings and 
promoting use of renewable energy sources in those buildings. The policy also 
encouraged innovation in the field of energy production and distribution as a way of 
reducing energy demand by the federal government. In addition to the Energy Policy Act, 
Executive Orders have been issued in the past few decades that establish energy 
reduction goals for federal entities, including the DON. 

The Secretary of the Navy announced the Great Green Elect initiative in 2009, 
which lays out energy goals for the Navy that complement and amplify upon the energy 
goals of Congress. A few of the Great Green Elect initiative goals (Secretary of the Navy 
[SECNAV] 2012) are: 

• 50% energy consumption from alternative sources by 2020, DON-wide 

• 50% of Navy and Marine Corps bases will be net-zero energy consumers by 
2020 

• Energy considerations will be required for systems and buildings contracts 

The Resilient Energy Program Office is the DON organization tasked with 

executing projects that will meet the goals of the Great Green Elect initiative. In 2017, the 
Resilient Energy Program Office was directed “to focus on installation energy resilience 
projects to capitalize on the office’s industry relationships and expertise in third-party 
financing, energy systems and energy acquisition” (Resilient Energy Program Office 
[REPO] 2017). 

At the installation level. Navy and Marine Corps bases are guided by OPNAV 
Instruction 4100.5E, Shore Energy Management (Department of the Navy [DON] 2012). 
This instruction provides policy that ensures energy security through the following three 
elements: 
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1. Ensure energy seeurity as a strategie imperative: Energy supplies must be 
readily available to support shore and afloat missions. This means 
minimizing potential outages due to natural disasters as well as aeeidents 
or deliberate attaeks on the eleetrieal grid. 

2. Aehieve legal eomplianee for shore energy and sustainability: Installations 
will eomply with laws and Exeeutive Orders requiring energy intensity 
reduetions in DON faeilities. Installations will reduee relianee on fossil 
fuels while inereasing use of renewable energy sourees in order to 
deerease greenhouse gas emissions. Installations will employ systems and 
proeesses to inerease awareness of energy eonsumption. 

3. Aehieve DON shore energy goals: The Navy will apply the Seeretary of 
the Navy’s Green Eleet goals to shore installations as part of the DON- 
wide strategy. The DON will eut energy eonsumption in half, inerease 
alternative energy use to 50%, and aehieve net-zero energy eonsumption 
at half of DON installations, all by 2020. 

At most DON installations, there are additional energy goals and realities that are 
unique to the region and/or speeifie base loeation. Eoeations sueh as Hawaii and Guam 
tend to have high utility eosts in eomparison to other DON areas so these installations 
will strive to reduee their energy eonsumption. Other loeations are prone to experienee 
draught eonditions for several years at a time. In all eases. Navy and Marine Corps bases 
work to be good neighbors by redueing eonsumption to minimize the impaet on others 
while maintaining operational eapability. 

Managing the Navy’s energy use ashore is not only a matter of redueing utility 
eosts, but it also plays a erueial part in establishing energy seeurity at installations. 
Energy seeurity allows the Navy to have aeeess to reliable energy sourees that are less 
suseeptible to natural and manmade disruptions to the energy grid. Eor shore installations, 
the Navy has three areas of energy foeus: effieieney, eulture and behavior, and renewable 
energy and sustainability. These foeus areas are in line with the energy goals set out by 
the Seeretary of the Navy in 2009. The DOD has several aequisition strategies to earry 
out shore energy management poliey. 
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a. Installation Projects and Programs for Energy Management 

(1) Energy Efficiency 

In the 2015 Shore Investment Guidance, the Chief of Naval Operations stated “In 
our attempts to support our manpower and personnel budget, fund current and routine 
operations, and build the future Navy to respond to contingencies, we have deferred shore 
infrastructure investments” (SECNAV 2015). The Navy’s existing installation 
infrastructure is vast and due to investment deferment, outdated. Outright replacement of 
major energy-consuming systems is expensive so a more cost effective strategy is to install 
upgrades to the existing equipment to make better use of it. A prime example would be to 
install modem controls on heating, ventilation, and air conditioning (HVAC) systems that 
allow the unit to operate only when a room is occupied vice operating on a schedule, even 
if a room is empty. Another example is to install insulation panels on exterior walls to 
make buildings more energy efficient. 

Where new constmction is required, the Navy has established stricter guidelines for 
energy efficiency than called for by the Energy Policy Act of 2005. This will mean 
adopting new and emerging technologies. Eighting is an example of one such new 
technology that is ready for adoption. Currently, the compact fluorescent light (CEE) is the 
standard lighting technology in most Navy buildings and due to lower consumption and a 
longer useful life, it is an improvement over the previous generation of incandescent bulbs. 
According to Shavers (2015), Eight-emitting diode (EED) lights are the new Navy standard 
for lighting. EED lamps are typically more expensive than both CEE and incandescent 
lights, however, their energy consumption is approximately 25% less than the CEE lights 
and 85% less than the incandescent lights as illustrated in Eigure 1. 
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Bulb Types 

(all approx. 800 lumens) 

Life 

Costs 

Year 1 

Cost 

Annually 

Total Costs 
over 10 
years 

Standard 

Incandescent 

9 

lyr 

Bulb Cost 
Energy Cost 

$0.50 

$8.02 

$0.50 

$8.02 

$5.00 

$80.15 

60 W 



Total Cost 

$8.52 

$8.52 

$85.15 

Halogen 

Incandescent 

lyr 

Bulb Cost 
Energy Cost 

$1.50 

$5.74 

$1.50 

$5.74 

$15.00 

$57.44 

43W • 


Total Cost 

$7.24 

$7.24 

$72.44 

CFL 


9 yrs 

Bulb Cost 
Energy Cost 

$3.00 

$1.74 

$0.00 

$1.74 

$6.00 

$17.37 

13W 



Total Cost 

$4.74 

$1.74 

$23.37 

LED 

f 

23 yrs 

Bulb Cost 
Energy Cost 

$13.00 

$1.34 

$0.00 

$1.34 

$13.00 

$13.40 

10W 

w 


Total Cost 

$14.34 

$1.34 

$26.40 


Source: National Resource Defense Council (2016). 

Figure 1. Comparison of Bulb Costs. 


The benefit of improving energy efficiency in the DON’s existing infrastructure is 
real and significant as demonstrated by the progress made so far. By 2009, the DON had 
achieved a 15.2% reduction, largely from energy efficiency improvement (SECNAV 
2012). For comparison, the Energy Policy Act of 2005, Pub. L. No. 109-58, 119 Stat. 
594, set a goal of reducing energy consumption 12% per square foot by the year 2009 
with 2003 as the baseline. The Navy has exceeded that goal and will continue to reduce 
its energy consumption. 

(2) Culture and Behavior 

In the past, not much thought was given to the cost of leaving a light on in an 
unoccupied room because energy consciousness was not part of the culture of the Navy. 
Now, this problem is overcome with the introduction of occupancy sensors that will turn 
off lights when no motion is detected. Other energy management scenarios might not 
have such a simple solution. In those cases, the Navy must rely on its people to identify 
and act upon correcting or avoiding wasteful energy use. The most important step to get 
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people on board with an energy eonscious eulture is to make them eonseious of the 
problem. This may mean formal or informal training/discussions of the Navy’s energy 
goals. Polieies are in plaee that give employees guidanee on energy eonservation 
measures such as shutting off computers at night or prohibiting personal space heaters 
which are high energy users. 

Where policies fall short, physical controls are enacted to prevent energy waste. 
Many Navy buildings have room thermostats that can be manually adjusted locally. The 
temperature in a room is set to balance the comfort of occupants against the cost of 
operating the HVAC system. To prevent occupants from continually adjusting the 
temperature, ventilated clear plastic locking covers are installed over the thermostat. 
While effective, this solution is not fool-proof. A clever person who wants to turn on the 
heat might decide to put an ice-pack on top of the thermostat cover, thus tricking the 
system into prematurely turning on. This is where an energy advocate in the building is 
needed. 

The Building Energy Monitor is an employee within a building who typically 
volunteers for the role of promoting and sustaining energy conservation initiatives 
amongst his or her local peers. The Building Energy Monitor receives training on how to 
manage energy as well as what problems to look for and possible solutions. The Building 
Energy Monitor will periodically conduct energy inspections within the building and 
report their findings up the chain of command. When energy repairs or upgrades are 
identified by the Building Energy Monitor, they can be submitted for correction. The 
Building Energy Monitor program is highly effective because it puts a person in place to 
hold others accountable for their energy choices. 

(3) Renewable Energy and Sustainability 

Improving energy efficiency in the Navy’s infrastructure and changing the energy 
culture are important first steps in gaining energy security. Another key component to 
ensuring energy security is energy production. Whereas the electrical grid relies 
predominately on fossil fuels for electricity production, the Navy is pursuing energy from 
renewable sources. This tactic means that the Navy’s energy needs are met by sustainable 
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resources such as the sun, wind, and geothermal sources. Additionally, federal law and 
Executive Orders state that the DOD will reduce its dependence on fossil fuels. 

Several renewable energy sources are available to the Navy. The simplest source 
of renewable energy is solar photovoltaic. These solar photovoltaic arrays can easily be 
placed in open space to capture sunlight, primarily rooftops. Wind energy is another 
promising source of energy, however, its use is limited to certain locations based on wind 
patterns as well as Navy operation requirements such as clear flight paths. Some DON 
locations have geologic conditions that make geothermal energy possible and practical. 
The capital expense for a geothermal plant is high, however, the power generation is 
immense and it does not suffer from some of the shortfalls of solar and wind energy. 

b. Acquisition Tools and Methods for Installation Energy Management 

The NAVE AC Energy Project Management Guide for Navy and Marine Corps 
Projects provides guidance and standardization for developing and managing DON 
energy projects. It states that a key premise of any energy project is that payback must 
occur during the lifetime of the project. That is, the cumulative financial savings from 
reduced energy consumption (compared to pre-project energy use) over the life of the 
project must be greater than the cost to complete that project. Project developers assess 
the viability of a project under this metric by performing a life-cycle cost analysis of the 
project. 

The life-cycle cost analysis will tell the developer whether a project pays for itself 
over its lifetime, provides a payback timeframe, provides a savings to investment ratio, as 
well as other useful decision making information. If the lifetime benefits exceed the 
costs, the project is considered viable, but that does not mean it will be carried out. All 
Navy projects must compete for funding so the Energy, Return on Investment metric is 
used to find the most beneficial projects. The next step is to develop the DD1391 for the 
top energy projects so that funding can be requested. The DD1391 is the standard DOD 
form used to thoroughly describe the scope of a construction project as well as its 
estimated costs. Several funding options exist for carrying out DON installation energy 
projects. 
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(1) Energy Conservation Investment Program 

The Energy Conservation Investment Program is a subset of the Military 
Construetion program. This funding is a eongressionally funded set aside for 
energy projects that meet the criteria for Military Construction projects, namely 
price threshold. This funding option pays for the project up front, however, the 
timeline from project conception to project execution is quite long, often four or 
five years. 

(2) Restoration and Modernization, Energy (RMe) and Energy Investment 
Program 

RMe is a eongressionally funded set aside from 0&M,N funds. The Energy 
Investment Program is the Marine Corps equivalent. Both funds are specifically 
meant for energy retrofit projects. Just like the Energy Conservation Investment 
Program funding, these funds pay for a project up front and are the preferred 
funding method if a project meets their criteria. The key criteria are that a 
project’s cost must be less than the current Military Construction threshold. 

(3) Third-Party Einancing 

Third-party financed projects do not require a congressional appropriation and can 
be developed and executed relatively quickly. The two types of financed projects 
that the DON uses are Utility Energy Service Contracts and ESPCs. In the case of 
the Utility Energy Service Contracts, a utility provider finances the energy project 
and the Navy pays for the project over several years, typically as part of the utility 
bill. An ESPC project is financed by the contractor performing the work. The 
contractor guarantees a certain annual energy savings because of their work. The 
Navy installation uses the annual savings from its energy budget to pay back the 
contractor. ESPCs include contractor performance guarantees as well as 
contractor provided operational and maintenance support during the financing 
period. Utility Energy Service Contracts do not have these guarantees or support. 

B. DEVELOPMENT OF NAS FALLON ENERGY PROJECT 

In keeping with the energy goals of the Navy, NAS Eallon Public Works put 
together an energy project that would be done using third-party financing via an ESPC. 
The Navy partnered with Ameresco, Inc., an Energy Service Company (ESCO), to 
perform an Investment Grade Audit (IGA) of several dozen buildings aboard NAS 
Eallon. The ESCO was tasked with surveying buildings and developing cost effective 
Energy Conservation Measures (ECM) for lighting and climate controls. The final IGA 
report identified opportunities for lighting energy improvements in 45 buildings and 
HVAC energy improvements in 18 buildings. The IGA report also serves as a final cost 
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proposal by the ESCO for consideration of awarding the construction phase of the 
project. The IGA report is found in the Appendix. 

Between the two ECMs, the ESCO guaranteed an annual reduction in energy of 
26,105 MBTU/year based on a 2015 energy baseline. Erom the IGA report, this energy 
project represents a 13.3% reduction in NAS Eallon’s energy intensity based on the 2015 
energy baseline of 196,053 MBTU used. The lighting ECM accounts for 2.1% (15.8% of 
the total) of this while the HVAC ECM accounts for 11.2% (84.2% of the total) of the 
reduction. 

Erom the IGA report, the Navy prepared a Request for Proposal for Task Order 
N39430-14-E-FAELON, Energy Savings Performance Contract Naval Air Station 
Fallon, NV. 


a. Scope of Work for Lighting ECM 

Section C2.1.1 of the Navy’s Task Order for this energy project includes the 
lighting ECM requirements section of the contract being considered for award. It is 
largely based upon the IGA report prepared by the ESCO. The requirements call for the 
ESCO to carry out several thousand lighting improvements in 45 buildings. This includes 
all required wiring, switches, and associated mounting hardware. Table 1 is an itemized 
list of required components. 


Table 1. Estimated Eisting of Replacement Eamps and Fixtures by Type. 


Eamps 

QTY 

IL EMERGENCY BAEEAST 

12 

Install 1 Iw FED Circular Round Fixture 

38 

Install 150w LED High Bay 

4 

Install 150w LED Pool High Bay 

38 

Install 16.5w LED PAR 38 Screw in 

145 

Install 2 - 9w LED A19 Screw in 

6 

Install 9w LED A19 Screw in 

324 

Install 9w LED MR-16 Lamp 

141 

Install LED Exit Sign 

13 

Relamp with 2 - 28w LED T5 LED Tube 

124 
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Lamps 

QTY 

Relamp with 4 - 28w LED T5 LED Tube 

208 

Relamp with 6 - 28w LED T5 LED Tube 

24 

Remove Ballast Replace Tombstones and Install 1 13w 
4’ Direct Wire Tube 

282 

Remove Ballast Replace Tombstones and Install 1 8w 2’ 
Direct Wire Tube 

263 

Remove Ballast Replace Tombstones and Install 2 1 Iw 
3’ Direct Wire Tube 

109 

Remove Ballast Replace Tombstones and Install 2 13w 
4’ Direct Wire Tube 

4663 

Remove Ballast Replace Tombstones and Install 2 8w 2’ 
Direct Wire Tube 

117 

Remove Ballast Replace Tombstones and Install 2 8w 2’ 
Direct Wire Tube and a 3 Lamp Reflector 

356 

Remove Ballast Replace Tombstones and Install 3 13w 
4’ Direct Wire Tube 

895 

Remove Ballast Replace Tombstones and Install 3 8w 2’ 
Direct Wire Tube and a 3 Lamp Reflector 

25 

Remove Ballast Replace Tombstones and Install 4 13w 
4’ Direct Wire Tube 

453 

Remove Ballast Replace Tombstones and Install a Strip 
Kit with 2 13w 4’ Direct Wire Tube 

2 

Remove Ballast Replace Tombstones and Install a Strip 
Kit with 4 13w 4’ Direct Wire Tube 

76 

Retrofit with 28w Retrofit Kit 

26 



Total Improvements 

8,344 


Source: Naval Facilities Engineering Command (NAVFAC) (2016). 


b. Scope of Work for HVAC ECM 

Section C2.1.2 of the Navy’s Task Order for this energy project includes the 
HVAC Controls and Motors Improvements ECM requirements section of the contract 
being considered for award. These improvements will take place in 18 buildings and 
include eight types of upgrades as detailed in Table 2. The types of upgrade are 
summarized from the energy project Task Order. 
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Table 2. Buildings Included for HVAC Controls and Motors Improvements. 


Bldg 

Description 

Sq. Ft. 

Equip. 

Schedul¬ 
ing & 
Reset 

VFDs: 

Fan 

Motors 

& 

Pumps 

Central 

Plant 

Optimiz¬ 

ation 

Hot 

Water 

Reset 

VAV 

System 

Convers/ 

Occ. 

Controls 

Demand 

Control 

Ventila¬ 

tion 

(DCV) 

RTF 

Ctrl 

static 

Pressure 

Reset 

4 

Hangar 7 

39,857 

X 








42 

Hangar 4 

35,867 


X 







300 

Hangar 1: Ground Support 
Equipment 

80,661 

X 

X 




X 

X 


307 

Public Works ROICC 

Admin 

25,296 

X 








308 

Recreation Bldg 

27,248 

X 

X 







324 

Officers Club - Silver State 

10,958 

X 

X 


X 



X 


341 

Navy Exchange: Main Store 

20,338 

X 

X 





X 


350 

Administration Building 


X 








351 

Chapel 

8,762 







X 


383 

MWR Indoor Pool 

14,170 




X 





387 

MWR Movie Theater 


X 





X 

X 


404 

Hangar 5 

59,138 

X 

X 







406 

FTB Applied Instruction 
Bldg 

44,668 

X 

X 



X 

X 


X 

431 

Hangar 2 

68,995 

X 

X 


X 





462 

Hangar 3 

36,675 

X 



X 





465 

NSAWC Applied 

Instruction Bldg 

61,060 

X 


X 

X 

X 



X 

466 

Control Tower 

5,964 


X 







3100 

Fitness Center 






X 





Source: NAVFAC (2016). 


(I) Scheduling and Reset 

Each of the 18 buildings in this ECM will receive a new building level controller 
that can integrate with the existing HVAC controls equipment in a building. The building 
level controller will receive input from sensors such as a thermostat and issue commands 
to controllers on airflow dampers, for example, to adjust heating or cooling in a room. 
The building level controller in each building will use control strategies from the 
previous building level controller or the ESCO will adjust the programming for more 
efficient operation. This building level controller will have a web user interface that 
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allows NAS Fallon to centrally monitor building operations that are incorporated into the 
building level eontroller as well as adjust its programming logie as needed. 

(2) Variable Frequeney Drives: Fan Motors & Pumps 

Most NAS Fallon buildings have HVAC systems that use boilers and chillers to 
heat or eool water that is then pumped to air-handling units where air supply fans operate. 
Currently, all pump and fan motors operate at full eapaeity in their “On” status, 
regardless of heating and eooling demands. The ESCO will install variable frequeney 
drives on 23 hot or eold water pump motors and supply fan motors. The motor variable 
frequency drives will rely on pressure sensors to modulate the pump and fan speeds. 

Variable frequeney drives modulate the operating speed of the motors, whieh 
allows the motors to ramp up more slowly and operate at a lower output and therefore at 
a lower energy eonsumption than previously. The relationship between output and energy 
eonsumption is non-linear, and motors vary, but in general, a motor operating at 50% 
eapaeity will require mueh less than 50% of its full-eapaeity energy eonsumption. A 
variable frequeney drive will eause a pump or fan motor to run for longer periods of time, 
but the increase in operating time is more than offset by energy eonsumption savings of 
operating at lower outputs. 

(3) Central Plant Optimization 

Most buildings have deeentralized heating and eooling systems, however, one 
eentralized eooling plant will reeeive new temperature and flow sensors and optimized 
operating sequenees. 

(4) Hot Water Reset 

Boilers are more efficient the lower the temperature of the returning water. 
Currently, most NAS Fallon buildings’ boilers supply temperatures dynamically vary 
based on outdoor air temperature rather than aetual heating demand at the end-use 
equipment. The result is that heating zones have their heating control valves most of the 
way elosed sinee the zone does not require as mueh heat as is being supplied from the 
boiler supply. Return water returns to the boiler with mueh of the thermal energy that it 
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left with on the supply side. The new seheme will dynamieally reset the boiler supply 
temperature based on the heating needs of the highest demand area. 

(5) Variable Air-Volume System Conversion and Occupancy Control 

Variable air-volume systems change the airflow to individual rooms or zones by 
adjusting the fan speed of the air-handling unit and adjusting damper positions in the 
zonal variable air-volume box. Currently, the heating and cooling of zones is based on 
programmed occupation hours of the zones. Some buildings zones have prolonged 
periods of being unoccupied; classrooms and the gym. The ESCO will install occupancy 
sensors in these areas to control the temperature of the space. 

(6) Demand Control Ventilation 

Temperature is not the only quality of air that needs to be controlled. Air-handling 
units must take in outside air to refresh the air that occupants breathe. Most air-handling 
units will have a constant flow of outside air mixing with recycled indoor air. The fresh 
outside air adds heating and cooling requirements on the system. CO 2 sensors can be 
added to occupied spaces to test the quality of the air. If occupancy is low in a room, less 
outside air needs to be drawn in which means less heating or cooling of unconditioned 
outside air. 

(7) Rooftop Unit Controls 

Several NAS Fallon buildings use rooftop units rather than boilers/chiller air¬ 
handling unit systems. These rooftop units use outdated control logic and constant supply 
fan speeds. New rooftop unit controls can be added to the units that control fan speeds, 
control outside air requirement and economize operations of the rooftop unit. 

(8) Static Pressure Reset 

Variable air-volume air-handling units vary fan speeds to get a constant static 
pressure in supply ductwork. During low air-handling unit load periods, dampers in zonal 
variable air-volume boxes move toward the closed position to decrease airflow into a 
zone. The static pressure of the system can be adjusted down via a variable frequency 
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drive on the fan motor during these low loading periods, thus saving energy. Dampers in 
zonal variable air-volume boxes would remain eloser to the open position. This static 
pressure reset logic will be incorporated into the air-handling unit controls. 


c. Post-construction Requirement 

(1) Commissioning 

Both ECMs will be commissioned upon completion, prior to acceptance by the 
Navy, to ensure that all equipment and operations sequences are operating as designed to 
meet the ESCO’s performance guarantee. 

(2) Measurement and Verification 

Section C.16 of the Navy’s Task Order for this energy project concerns the 
ESCO’s performance guarantee. It states: 

A major tenet of this task order, issued under the DOE’s Master IDIQ 
ESPC, is the performance guarantee. The contractor guarantees the 
performance of the newly installed ECMs covered under this task order to 
generate, at a minimum, the cumulative annual ECM savings guaranteed in 
each performance period (as shown in TO-4 Schedule). By law, the 
contractor guarantees that the Government’s total utilities costs after 
implementation of the ECMs covered under this task order will be less than 
the costs to the government had no task order been issued. (NAVEAC 
2016) 

To abide by this performance guarantee, the ESCO will need to perform measurement 
and verification at defined times from just after installation up to the end of the ESPC 
finance period. The ESCO will perform measurement and verification in accordance with 
standards set by the Department of Energy’s Eederal Energy Management Program. 

Baselines for measurement and verification were established in the ESCO’s IGA 
report. The first measurement and verification phase occurs concurrently with 
commissioning and in many ways, the two are the same. Annually, the ESCO will 
perform measurement and verification of a similar nature to the first phase. Every fifth 
year, the ESCO is required to perform the standard annual measurement and verification 
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as well as certain higher order checks of installed equipment. Results of the measurement 
and verification will be compared to baseline parameters. 

For the lighting ECM, measurement and verification will look at wattage, light 
levels, and hours of light operation to name a few. For the HVAC ECM, measurement 
and verification will use trended data collected by building level controllers to monitor 
the operation of HVAC components, building level controllers will measure and record 
data from rooftop units, boilers, variable air-volume systems, and air-handling units every 
15 minutes. 

(3) Maintenance and Repair/Replacement of ECMs 

Eor the duration of the ESPC finance period, the ESCO is responsible for the 
maintenance and repair or replacement of all ECMs installed in this energy project. The 
ESCO is required to maintain any ECM equipment per the product manufacturer’s 
standard. The ESCO is not responsible for maintenance of equipment that was installed 
prior to this energy project to which an ECM was performed such as air-handling units. 
The Navy is responsible for that maintenance. 

C. LITERATURE REVIEW 

Although a literature review is not typically called for in a cost-benefit analysis 
such as will be presented later, there is plenty of literature published that extols the need 
for energy use reduction and efficiency at military installations. There is also an emerging 
trend in the use of financed construction projects such as the ESPC. This brief literature 
review will present literature regarding each of these items. 

In Power Begins at Home: Assured Energy for U.S. Military Bases, the authors 
discuss the current and future energy security challenges faced by U.S. military bases and 
installations (Marquesee et ah, 2017). These bases typically receive power from the local 
utility and in an outage, the base has backup energy systems that can sustain critical 
systems for a limited time. The current source of backup power is often diesel generators 
that power individual buildings. The authors recommend a shift toward large-scale 
microgrids that interconnect the facilities of an installation so that multiple backup power 
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sources can be used flexibly and eeonomieally aeross the installation, rather than in a 
single loeation. Aside from using larger, centralized diesel generators in the mierogrid, 
renewable energy sourees such as solar and wind power ean be incorporated into the 
mierogrid. 

The authors point out that one eeonomieal way to make the mierogrid more 
effective and less eostly is to invest in building energy renovations. By reducing energy 
eonsumption at an installation, less backup power is needed in the mierogrid. The authors 
see one limiting faetor to energy renovations as eoming from Congress and DOD’s 
hesitanee to use third-party finaneing in eonjunetion with appropriated funding. Energy 
effieiency improves energy seeurity and it ean be helped along by using third-party 
finaneing to implement energy projeets. 

In Beyond Guaranteed Savings: Additional Cost Savings Associated with ESPC 
Projects, Shonder (2013) makes several points about ESPC projeet energy savings that 
are not understood well enough to fully appreeiate the benefits of ESPC projeets. The 
ESPC is guaranteed by eontraet to result in a eertain level of annual energy savings. The 
author shows that the aetual annual energy savings exeeed the guaranteed amount. 

1. The ESPC eontraetor only guarantees 96% of the calculated energy 
savings in order to leave a buffer. This means the government aetually 
saves more than the ESPC guarantees it to save. 

2. Equipment installed in an ESPC project has a useful life that extends well 
beyond the finaneed period of an ESPC projeet. 

3. The utility esealation rates ealculated by the National Institutes for 
Standards and Technology have historieally been eonservative when 
eompared to actual energy priee inereases. 

4. In preparing the guaranteed energy savings estimate for an ESPC project, 
the eontraetor uses eurrent equipment energy usage rates as the baseline 
for eomparison throughout the period of the ESPC projeet. Degradation of 
the existing equipment is not ineluded for eost consideration, although this 
equipment would have deereasing effieieney and inereased sustainment 
eosts. 

The author suggests that these four points reveal there are additional energy and 
eost savings that are not eonsidered when deciding on the use of ESPC to perform a 
projeet. 
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III. DATA AND DERIVATION OF COSTS AND BENEFITS 


The first goal of this analysis is to derive a eost model to estimate the eost to the 
Navy of funding this energy projeet with RMe funds. This estimate will be eompared to 
the eost of awarding the projeet as an ESPC to the ESCO. This ehapter will identify the 
sourees of data used to ealeulate eosts and benefits for this Return on Investment (ROI) 
analysis. In this analysis, faeilities’ eonstruetion eosts are the investment, and savings 
from redueed utility eosts are the return. EY17 is the base year for this analysis. 

A. FACILITIES INVESTMENT COSTS 

I. ESPC Cost 

The Investment Grade Audit eontained in the Appendix is the basis for the ESPC 
eosts. The Navy will make annual payments to the ESCO starting in EY18 and 
eontinuing until EY28. By eontraet, the annual savings in utility eosts are guaranteed to 
exeeed eaeh of these annual payments to the eontraetor. The annual payments inelude the 
implementation eosts (prineipal and interest for implementation) as well as post- 
aeeeptanee sustainment eosts (maintenanee and repair, ete.). 

Table 3 summarizes the ESPC projeet’s work requirements and eosts assoeiated 
with the lighting and HVAC ECMs within the ESPC alternative. These estimates were 
prepared by the ESCO. The first row in the table, Projeet Development, shows the eosts 
to the ESCO to eonduet the energy survey at NAS Eallon and develop a proposed 
solution. The total eost to earry out the Projeet Development was $105,291 whieh 
ineludes direet and indireet eosts as well as profit for the effort. The eost of the projeet 
development is eommon under all alternatives sinee the work was eompleted at the 
request of the Navy. The seeond and third rows show the Eighting ECM eosts and HVAC 
ECM eosts. These two items have direet and indireet eosts, profit, as well as eosts for 
measurement and verifieation. Measurement and verifieation is the quality eontrol work 
that takes plaee following eonstruetion. If the ESPC alternative is seleeted, the eost of the 
Projeet Development is eombined with the implementation eost and paid baek during the 
finanee period. The two ECMs are listed and their eosts are broken down into direet and 
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indirect cost as well as profit. The principal portion of the financed implementation cost 
also includes the ESCO’s Finance Procurement Price. 


Table 3. Work Requirements and Cost for ESPC Implementation, FY17$. 


Work Requirement 

M&V 

Expense 

Direct 

Cost 

Indirect 

Cost 

Profit 

Totals 

Project Development 


85,630 

13,701 

5,960 

105,291 

Lighting ECM 

2,258 

731,748 

117,441 

51,087 

902,534 

HVAC ECM 

8,782 

2,846,031 

456,770 

198,695 

3,510,278 

Implementation 

11,040 

3,663,408 

587,912 

255,742 

4,518,102 

Finance Procurement Price 

358,197 

Total Procurement Cost 

4.876.299 


Adapted from Investment Grade Audit found in the Appendix. 


Table 4 shows the annual payments in FY17$ by the Navy to the ESCO for the 
financed implementation cost and includes interest. These payment amounts are used as 
the NPV(Investment) for the ESPC alternative in this analysis. The annual payments in 
Table 4 as well as their respective Interest/Principal ratios were established by the ESCO. 
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Table 4. Annual Finance Payments for ESPC Implementation, FY17$. 



Principal 

Interest 

Total 

FY18 

478,624 

15,144 

493,768 

FY19 

346,806 

148,522 

495,328 

FY20 

351,764 

145,171 

496,935 

FY21 

370,300 

128,289 

498,589 

FY22 

389,175 

111,115 

500,290 

FY23 

408,394 

93,645 

502,039 

FY24 

427,965 

75,871 

503,837 

FY25 

447,894 

57,789 

505,683 

FY26 

426,262 

39,392 

465,653 

FY27 

445,274 

22,264 

467,538 

FY28 

124,308 

4,833 

129,141 

Total 

4,216,766 

842,035 

5,058,801 


Adapted from Investment Grade Audit found in the Appendix. 


2. CNIC ECM Facilities Investment Costs 

The estimated costs of each ECM in the ESPC were provided by the ESCO, while 
the cost for the Navy to conduct the same work in each ECM using RMe funding must be 
derived from existing CNIC Eighting and HVAC ECM data. In order to derive these 
implementation costs to the Navy, the existing CNIC ECM data will be used to develop 
cost models for each ECM. There will ultimately be two cost models chosen from among 
several viable cost models; one for the Eighting ECM and one for the HVAC ECM. 
These models will be developed using multivariate linear regression in which Cost is the 
dependent variable. The independent variables will be energy savings of the ECMs and 
the area of the building(s) improved by the ECM. These models are referred to as Cost 
Estimating Relationships (CER) because the dependent variable Cost, is driven by the 
independent variables. 

The following section will further discuss the CNIC provided ECM data. Next, 
there will be a description of the derivation of the CERs from this data. The derivation 
process involves the following basic steps: 

• Calculate indirect costs associated with the raw data 
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• Perform multivariate linear regression to derive several possible CERs for 
each ECM 

• Compare the various CERs for each ECM using statistical analysis and 
choose the best models 

• Use best CERs for Eighting ECM and HVAC ECM to calculate the 
expected implementation costs for the NAS Eallon ECM. 

The calculated implementation costs will eventually be used in Chapter IV, 
Methodology, to calculate ROIs for some of the project alternatives that were introduced 
in the opening chapter. 

a. Source of Costs 

Eor this analysis, CNIC provided a dataset of 63 energy projects at Navy 
installations within the U.S. and overseas that have been planned and estimated for 
inclusion in EY17/EY18 budgets. The cost estimates for these energy projects were 
conducted by NAVEAC in accordance with the Unified Eacilities Criteria (UEC) 
standards established and published for DOD agencies. NAVEAC uses the publication 
UFC 3-740-05, Handbook: Construction Cost Estimating to estimate the direct 
planning and construction costs of a project. The scope of these 63 energy projects 
involves lighting and HVAC work only. Within the dataset, each energy project is broken 
down into its many individual tasks such as replacing a specific lighting ballast in a 
building or resetting the HVAC controls within an area of a building. These individual 
tasks are the data points within the overall dataset. In total, there are 871 individually cost 
estimated data points for the 63 projects within the CNIC dataset provided. 

Eor the lighting portion of these projects, there are 683 individually cost estimated 
data points. These data points vary in nature, but are all related to lighting energy 
improvements and are comparable to the scope of the NAS Eallon lighting ECM which 
includes a wide variety of lighting improvement elements. Eor the HVAC portion of 
these projects, there are 188 individually cost estimated data points. These data points 
also vary in nature, but again, they are all related to HVAC energy improvements and are 
comparable to the scope of the NAS Eallon HVAC ECM 
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Each of the 871 data points in the dataset contains several important pieces of 
information, including: 

• Project number, loeation, and year of implementation 

• Description (“Replace CEL tube with EED,” “Replace thermostat,” etc.) 

• Estimate of direet cost for individual data point (i.e., cost to replace CEE 
tube with EED) 

• Energy savings from eleetrieity (kWh/year) and/or liquid natural gas 
(ENG) (MBTU/year) 

• Square footage of building(s) impacted by data point (data points may 
represent one or more buildings) 

• Administrative, eontingency, and design eost factors for project location 

b. Derivation of Cost Models for NAS Fallon Energy Project 

Eor each ECM, a separate CER model was developed to estimated how much the 
Navy would likely spend to plan, design, and implement the NAS Eallon energy project. 
Each CER assumes that the Navy would develop the energy projeet to have the same 
scope of work that the ESCO developed for the ESPC alternative and that the annual 
energy savings would match the ESPC energy savings for eaeh ECM. A detailed 
deseription of the CER derivation proeess follows. 

(1) Raw Data Preparation 

To develop the CERs for the NAS Eallon energy project, the direct costs for all 
871 lighting and HVAC data points in the dataset were normalized to EY17$. Indireet 
costs were ineluded by applying eost factors to the estimated direct costs from the data 
points. NAVE AC establishes these cost factors as a percentage of the direct planning and 
construction costs for projects. The indireet eosts inelude administrative, contingency, 
and design eosts assoeiated with the project. This gave the total cost of each individual 
lighting or HVAC data point. 

The summary statistics for the data are shown in Table 5. The area and energy 
values have a very large spread, however, this is natural given the differenees from one 
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project to the next within the data set. A more useful measure of data variation is found 
by dividing the Implementation Cost of a data point by its corresponding Annual Energy 
Saved to get the Cost per MBTU Saved Annually as shown in the rightmost column of 
Table 5. Ideally, we would generally expect to pay the same amount for each unit of 
energy saved annually in a project. 


Table 5. Summary Statistics for Lighting and HVAC Data 


Implementation An nual Energy Cost per MBTU Saved 

Cost, FY17$ Area, SQFT Saved, MBTU Annually, FY17$ 


Fighting 

ECM 

Average 

29,419 

56,182 

74 

519 

St. Dev. 

146,941 

366,614 

253 

1,530 

Min 

9 

48 

0 

9 

Max 

2,938,490 

9,368,550 

4,130 

26,305 

Data points 

683 

683 

683 

683 







HVAC 

ECM 

Average 

212,327 

47,159 

942 

386 

St. Dev. 

535,933 

63,347 

1,872 

613 

Min 

992 

876 

1 

3 

Max 

5,420,000 

450,000 

13,648 

7,211 

Data points 

188 

188 

188 

188 


Adapted from Commander, Navy Installation Command (CNIC), unpublished data. 

It is worth noting that the max Cost per MBTU Saved Annually for the Lighting 
ECM dataset is 26,305 and in fact, this value appears twice in the dataset. In the dataset, 
these values appear suspicious and possibly erroneous. Each of these data points saves 
only 1.5 MBTU annually at an implementation cost of $39,500, however, the area in one 
of the data points is much greater than the other; 424,000 SQFT versus 163,000 SQFT. 
When removed from the dataset, the new mean for Cost per MBTU Saved Annually drops 
to $443/MBTU-saved and the standard deviation is less than half of the value shown in 
Table 5. For the HVAC ECM dataset, there is one Cost per MBTU Saved Annually data 
point that is suspiciously high and when it is removed, the mean drops slightly and the 
standard deviation is cut in half. For regression analysis, regression was done with and 
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without the suspicious data points and the results were effectively the same. For that 
reason, the suspicious data points were ultimately left in the dataset. 

(2) Regression of Data 

In order to estimate the costs of implementing lighting and HVAC ECMs, we 
built multivariate linear regression models of the following form: 

Yi-a + f^iaretti + ^lenergy _ savedi + a ^ 

Where 

• Yi is the expected cost of implementation for the lighting or HVAC ECM 
for project i 

• areui is the area of building(s) (SQET) improved by the ECM 

• energy_savedi is the energy saved annually (MBTU) by the ECM 

• ei is the error term 

The coefficients fii represent the incremental change in cost T, for a unit change in the 
corresponding variable. Eor example, a positive fii indicates an increase in E from a unit 
increase in the variable energy_saved. Initially, dummy variables were included in the 
regression models to account for geographic region and specific installation location. 
These variables proved to be statistically non-significant so these variables were stripped 
out of the models. Erom the regression output, each CERs’ statistics and significance 
were scrutinized and compared against one another to find the best one. 

(3) Compare Regressed CERs 
We applied the following steps: 

• Using a significance level of 0.20, the significance of the E-statistic was 
used to determine if a CER provided a statistically significant model. 

• Individual variables’ t-stat significance was tested at a 0.20 significance 
level to determine if the model was still statistically significant. 

• Eor CERs still under consideration, their R-Square Values, and Standard 
Errors were used to rank the models. 
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• CERs were tested for multicollinearity using a pair-wise eorrelation matrix 
to determine if variables are statistically independent. Correlations greater 
than 0.70 (r > 0.70) are considered high correlation. 

For each ECM, the highest ranking CER that passed the significance tests and 

correlation test was chosen as the best model. 

(4) Calculate ECM Implementation from Best CER 

From the regression analysis and testing of the CERs, the best model for the 
lighting ECM cost included variables for area of the building(s) affected by the ECM and 
the expected annual energy savings from the ECM. 

The best model for the HVAC ECM cost included only the variable for expected 
annual energy savings of the ECM. Table 6 shows the best ECM models and includes 
statistical data used in determining the best model. 


Table 6. Best CERs for Lighting and HVAC ECMs. 


Best Lighting ECM Cost Estimation Relationship 


Cost - -3942.112 + 0.167*(area) + 322.52*(energy saved) 


Signifance F 

P-value, area 

P-value, energy saved 

R Square 

Standard Err. 

Correlation 

3.43E-223 

1.62E-58 

1.21E-90 

0.78 

$69,283 

0.64 


Best HVAC ECM Cost Estimation Relationship 


Cost - 40991 + 181.951*(energy saved) 


Signifance F 

R Square 

Standard Err. 


1.1602E-22 

0.40 

$414,890 



Adapted from CNIC, unpublished data. 


The IGA report indicates that the total area of all buildings included in the 
lighting portion of the NAS Fallon energy project is 1,153,883 SQFT, and the expected 
energy savings associated with the lighting ECM is 4,055 MBTU (1,188,132 kWh). The 
total area of all buildings included in the HVAC portion of the NAS Fallon energy 
project is 583,113 SQFT. The expected energy savings associated with the HVAC ECM 
is 17,023 MBTU from ENG and 5,026 MBTU (1,472,842 kWh) from electricity for a 
total of 22,049 MBTU. 
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For the CERs, the energy_saved variable is in MBTU so electricity use has been 
converted from kWh to MBTU to be used in the models. Using the area value of 
1,153,883 SQFT and the expected energy savings of 4,055 MBTU, the lighting CER in 
Table 6 gives the expected project cost for the NAS Fallon lighting ECM as $1.5M. 
Similarly, the expected project cost for the HVAC ECM is $4.1M. Therefore, the total 
expected project cost for both ECMs when funded by RMe is $5.6M. Source of energy 
savings values are discussed in the next section. 

All RMe implementation costs are incurred by the Navy in the FY that the project 
is awarded. In addition to the expected cost of implementing the ECMs, all non-ESPC 
alternatives will include the cost incurred by the ESCO in preparing the IGA report. This 
cost is shown in Table 3 as $105,291 and will be paid to the ESCO in FY17 if any 
alternative other than the ESPC alternative is chosen. If the ESPC alternative is the one 
chosen, this cost is already included in the payment schedule to the ESCO. For 
comparative analysis of all alternatives’ implementation costs, the costs are discounted to 
FY17$ using a real discount rate of 0.50% from the latest 0MB Circular A-94. This gives 
each alternatives’ NPV(Investment). Discount rates are discussed in the following 
sections. 

B. RECURRING ANNUAL UTILITY SAVINGS 

The energy baselines for the NAS Fallon project were provided to the ESCO by 
NAVE AC SW in 2015 for preparation of the IGA report. The ESCO prepared the IGA 
report with the assumption that energy usage would remain consistent from one year to 
another. The IGA report includes projected energy use for each ECM following 
completion of the ESPC alternative. Annual energy usage savings for the ESPC 
alternative are calculated as the difference between the baseline usage and the projected 
future usage. Annual energy savings are provided for electricity and ENG. As mentioned 
in Chapter IV, Methodology, all RMe ECM alternatives are assumed to have the same 
energy usage baseline as the ESPC alternative as well as the same annual energy savings. 
Energy savings are not realized until the FY following the award of a contract regardless 
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of whether it is ESPC or RMe. This delay is from the time it takes for the construetion 
phase. 

Eleetricity is provided to NAS Eallon by NV Energy, ENG is provided by 
Southwest Gas., and utility rates are negotiated annually between NAVE AC SW and the 
loeal utility providers. Eor this analysis, EY17 utility rates were provided by NAS Eallon 
Publie Works and will be used as the baseline rates. Table 7 summarizes utility usage 
pre- and post-implementation, along with PY17 utility rates. 


Table 7. Summary of Utility Usage and Rates 


Annual utility usage 

Baseline 

Projected 

Savings 

Rates, FY17 

Lighting ECM 

Electricity, kWh 

2,618,590 

1,430,458 

1,188,132 

$0.069/kWh 

HVAC ECM 

Electricity, kWh 

2,587,098 

1,114,256 

1,472,842 

$0.069/kWh 

ENG, MBTU 

85,938 

68,915 

17,023 

$8.32/MBTU 


Adapted from Investment Grade Audit found in the Appendix. 

The various alternatives introduced in the first chapter, and expounded upon in 
the next chapter, all start in PY17 having the same baseline energy use and utility rates. 
Depending on the alternative, one or both ECMs may be implemented in each EY. The 
following EY, the energy savings from the ECMs are realized through lower annual 
utility usage. This new, lower annual utility usage becomes the recurring annual usage 
throughout the remaining period of analysis. The cost of annual utilities in any EY is 
calculated by multiplying the annual utility usage components (electricity and ENG) by 
their respective utility rates for that EY. 

Utility rates are escalated each year using a utility escalation rate, which is an 
output of a Department of Energy tool called the Energy Escalation Rate Calculator. This 
model applies specifically to ESPC type contracts. This analysis used the following 
parameters to determine the appropriate escalation rates for electricity rates and ENG 
rates: 

• Euel Type: Electricity and ENG 

• Eocation: NV 
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Sector: Commercial 


• 

• Start Date: 2017 

• Duration: 20 years 

• Policy Option: No carbon price 

• Inflation rate (%): 2.00% (from 0MB Circular A-94) 

The Energy Escalation Rate Calculator tool calculates both real and nominal annual 
energy escalation rates. This analysis uses the real rates. Eor electricity, the tool 
calculated a real escalation rate of -0.29% which indicates that there is an expected 
localized trend in Eallon that electricity costs will decrease in future years. Eor ENG, it 
calculated a real escalation rate of 2.30%. 

Eor each alternative being analyzed, costs from utilities in each EY are discounted 
to EY17$ using a real discount rate of 0.50% from the latest 0MB Circular A-94. The 
annual discounted costs of utilities for each alternative are summed to find the total cost 
of utilities over the 20-year period of analysis. The Status Quo alternative never 
implements either ECM so its annual utility usage never decreases and it will have the 
highest total cost of utilities. The NPV(Savings) for all other alternatives is found by 
subtracting each alternatives’ total cost of utilities over the 20-year period of analysis 
from that of the Status Quo alternative. The Status Quo alternative will also have a 
NPV(Savings) equal to zero and all other alternatives will have NPV(Savings) greater 
than zero. 
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IV. METHODOLOGY 


NAVFAC Publication 442 (P-442) is NAVFAC’s Economic Analysis Handbook. 
The P-442 provides offieial Navy and NAVFAC guidance on how to prepare eeonomic 
analyses for potential faeility projects. Additionally, the P-442 provides guidanee for 
program evaluation of ongoing projeets. This analysis is coneerned with the former. The 
foeus of this analysis will be the “pre-expenditure” phase of a eourse of aetion, so an 
eeonomie analysis in aoeordanee with P-442 will assist deeision makers in determining 
the best eourse of aetion. The P-442 follows the direetion of 0MB Cireular A-94, 
“Guidelines and Diseount Rates for Benefit-Cost Analysis of Federal Programs.” 

A. P-442 ECONOMIC ANALYSIS PROCESS 

The P-442 Eeonomie Analysis Proeess has seven steps: 

1. Define the Objeetive based on planning aetions and projeet seope 

2. Generate Alternatives 

3. F ormulate Assumptions 

4. Determine Costs and Benefits 

5. Compare Costs and Benefits and Rank Alternatives 

6. Perform Sensitivity Analysis 

7. Results and Reeommendations 

Following the steps outlined, this analysis eonforms to the P-442’s Fundamental Planning 
Analysis proeess to eonduet a Return on Investment (ROI) analysis using the Savings to 
Investment Ratio (SIR) teehnique. This analysis will not be a life eyele cost analysis of 
the alternatives. 

The SIR ealeulates the savings gained from eaeh dollar invested in an alternative. 
Mathematieally, the SIR is the Net-Present Value (NPV) of the Savings divided by the 
NPV of the Investment. 
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NPV (Savings) 

NPV {Investment) ^2) 

For this analysis, the NPV(Savings) is defined as the redueed amount of annual expenses 
of an alternative as eompared to the status quo’s annual expenses. The NPV(Investment) 
is the present value of the faeilities improvement eost of an alternative. A SIR greater 
than one represents an alternative that is eost effeetive. The alternative with the greatest 
SIR value will be the preferred alternative. Sensitivity analysis will be used to test the 
validity of assumptions used in ealeulating the SIR for alternatives. 

B. ALTERNATIVES UNDER CONSIDERATION 

This analysis will eonsider five alternatives for proeeeding at NAS Fallon. A short 
deseription of eaeh follows, with a fuller deseription after that. 

1 . Status Quo Alternative: Do not award the energy projeet as an ESPC 
now or as an RMe in the future and just operate the existing lighting and 
HVAC equipment for the duration of the analyses’ timeframe. This Status 
Quo alternative is the baseline against whieh all alternatives are being 
eompared. 

2. ESPC Alternative. Award the energy projeet as an ESPC. 

3. Lighting ECM Alternative. Award only the lighting ECM portion of the 
energy projeet as an RMe eontraet in PY20; the existing HVAC 
equipment and usage seheme will be maintained and operated for the 
duration of the analysis timeframe. 

4. HVAC ECM Alternative. Award only the HVAC ECM portion of the 
energy projeet as an RMe eontraet in EY20; the existing lighting will be 
operated and maintained for the duration of the analysis timeframe. 

5 . Lighting/HVAC ECM Alternative. Award the entire energy projeet as 
an RMe eontraet in EY20. 

Eaeh alternative will be evaluated over a 20-year period of analysis. The eost 
eonsiderations to the Navy inelude only faeilities investment eosts for implementation, 
and reeurring annual utility eosts for the duration of the analysis. Eaeh alternative will be 
analyzed using the same faetors: timeline to award, implementation eosts, and utility 
esealation rates. 
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1 . 


Status Quo Alternative 


The Status Quo alternative is the least likely outeome of the decision-making 
process. In this case, the ESPC is not awarded and neither of the ECMs from that energy 
project will be performed with RMe funding during the 20-year period of analysis. The 
existing lighting and HVAC systems will be retained for the duration of the analysis. 

The Status Quo alternative has no facilities investment costs since it continues to 
use the lighting and HVAC systems that are currently in place. No components will be 
added to the HVAC system and the controls configurations will remain as they currently 
are. 

The annual energy use from the Status Quo alternative will not change from the 
baseline usage established in EY15. The annual energy cost will only change based upon 
inflation and utility escalation rates. The NPV of the Status Quo’s total cost of utilities 
will be the baseline to compare every other alternative’s NPV of recurring annual utility 
costs. 


2. ESPC Alternative 

The ESPC alternative is to proceed with awarding the NAS Eallon ESPC to the 
ESCO. It is the alternative under consideration by CNIC. CNIC must decide if they are 
willing to commit to annual payments to the ESCO to cover the cost of the energy 
project. The finance period for this ESPC is 12 years. 

Prior to construction, the ESPC alternative requires the ESCO to prepare a full 
design of the energy project based on the work they performed during the IGA in 
addition to more detailed field surveys of existing conditions. The ESCO will use its 
contracting expertise to seek out qualified subcontractors to perform the work of design 
and construction that it cannot support in-house. 

The ESPC alternative’s facilities investment cost comes in the form of debt to the 
ESCO for the finance term of the ESPC. Annual payments to the ESCO account for the 
ESPC administrative costs, investigation and design costs, construction costs, 
commissioning costs, measurement and verification costs, ESCO profit, and interest 
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payments. The first annual eontractor payment will oecur when eonstruction is eomplete 
and the projeet has been aeeepted by the Navy. The final annual payment will oecur at 
year 12, at which point all facilities investment costs will be expensed. 

The ESPC alternative provides a performance guaranteed annual savings in 
energy usage, however, annual cost savings from utilities will not occur immediately. 
Annual payments to the ESCO will come from the utilities budget of Installation 
Commanding Officers, not from an RMe type of appropriation. Annual payments to the 
ESCO will be equal to the estimated annual cost savings from the ECMs so the annual 
utility budgets for CNIC will effectively be the same as the baseline year, 2015. CNIC 
will not see a real decrease in its NAS Eallon utilities budget until after the ESPC 12-year 
finance period, at which point, CNIC will realize the full annual savings from the ESPC 
energy project. 

Eor this analysis, from year 12 to year 20 CNIC will have annual savings in 
energy usage and annual cost savings from utilities. 

3. Lighting ECM Alternative 

The Eighting ECM alternative does not award the ESPC. Instead, the Eighting 
ECM alone will be awarded with RMe funding in EY20. The delay in awarding the RMe 
accounts for the time it will take to develop the project in-house within the Public Works 
Department at NAS Eallon and request the funding. The scope of work for the 
construction of the Eighting ECM alternative will match the scope of the lighting ECM in 
the ESPC alternative. The HVAC ECM will not be performed at any point during the 
analysis timeframe. 

Erom a technical standpoint, this alternative is well within the capabilities of the 
local Public Works Department at NAS Eallon meaning the lighting ECM can more 
easily be awarded than the HVAC ECM. The Public Works Department engineering 
teams will be responsible for conducting design surveys and project design for the 
lighting ECM. The contracting officer’s team will prepare the requirements for the work 
and contract with one or more contractors to perform the work. Upon acceptance of the 
completed work, the Navy assumes full responsibility for the new lighting systems. 
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With the Lighting ECM alternative, there are no faeilities investment eosts until 
FY20. In FY20, the implementation eosts for this alternative will inelude in-house 
planning and design eosts, eonstruction eosts, eontingeney costs, and administrative 
costs. These costs are paid for with RMe appropriated funding so all facilities investment 
costs are covered in the beginning, unlike the FSPC alternative that is financed for 
several years. No components will be added to the HVAC system and the controls 
configurations will remain as they currently are. 

For the first three years of the analysis, the annual energy use the Lighting ECM 
alternative will not change from the baseline usage established in FY15. In that time, the 
annual energy cost from both ECMs will only change based upon inflation and utility 
escalation rates. Starting in FY20, the annual energy usage and energy cost will decrease 
from the lighting ECM alone, while energy usage and cost for the HVAC systems will 
not decrease. 

4. HVAC ECM Alternative 

The HVAC ECM alternative does not award the ESPC. Instead, the HVAC ECM 
alone will be awarded with RMe funding in FY20. The scope of work for the 
construction of the HVAC ECM in this alternative will match the scope of the HVAC 
ECM in the ESPC alternative. The lighting ECM will not be performed at any point 
during the analysis timeframe. 

The technical requirements for this ECM could challenge the local Public Works 
Department engineering expertise based on input from the NAS Fallon installation 
Energy Manager (Justin Sielsch, personal communication). Eack of in-house skill related 
to HVAC retrofits would require substantial effort by Public Works Department to 
achieve the same scope of work as the ESPC alternative’s HVAC ECM. The planning, 
design, and construction phases are the same as described for Fighting ECM alternative. 

With the HVAC ECM alternative, there are no facilities investment costs until 
FY20. In FY20, the implementation costs for this alternative will include in-house 
planning and design costs, construction costs, contingency costs, and administrative 
costs. These costs are paid for with RMe appropriated funding so all facilities investment 
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costs are covered in the beginning, unlike the ESPC alternative. No ehanges will be made 
to lighting. 

For the first three years of the analysis, the annual energy use from the HVAC 
ECM alternative will not ehange from the baseline usage established in FY15. In that 
time, the annual energy cost from both ECMs will only change based upon inflation and 
utility escalation rates. Starting in FY20, the annual energy usage and energy eost will 
deerease from the HVAC ECM alone, while energy usage and eost for lighting will not 
decrease. 

5. Lighting/HVAC ECM Alternative 

The Eighting/HVAC ECM alternative is the eombination of the Lighting ECM 
alternative and the HVAC ECM alternative. Both ECMs will be performed on the same 
RMe Task Order in FY20. The seope of work for eaeh ECM will mateh the seope of 
work for the ECMs in the ESPC alternative. The relative simplieity or difficulty of 
meeting the teehnieal requirements of eaeh ECM is the same as in the Lighting and 
HVAC ECM alternatives. 

For the Lighting/HVAC ECM alternative, there are no faeilities investment eosts 
until FY20. In FY20, the implementation costs for this alternative will inelude in-house 
planning and design eosts, eonstruetion eosts, eontingeney eosts, and administrative 
eosts. These eosts will eome from RMe appropriated funding so all faeilities investment 
eosts are eovered in the beginning. 

For the first three years of the analysis, the annual energy use from the Lighting/ 
HVAC ECM alternative will not ehange from the baseline usage established in FY15. In 
that time, the annual energy eost from both ECMs will only change based upon inflation 
and utility esealation rates. Starting in FY20, the annual energy usage and energy eost 
will deerease from both ECMs. 
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C. ASSUMPTIONS AND LIMITATIONS 

This section will discuss the assumptions used in the analysis as well as the 
justification for doing so. The second part of this section discusses the major limitation in 
this analysis: exclusion of sustainment costs for alternatives. 

a. Assumptions 

(1) Timeline for Period of Analysis of Alternatives 

NAVFAC P-442 requires a period of analysis of 40 years for energy projects and 
the design of new buildings. If the expected life of an energy system is less than 40 years, 
the period of analysis should equal the life of the energy system. For this analysis, there 
are several energy systems involved and they have varying lifespans. Additionally, the 
Status Quo alternative does not have any energy system improvements for which we can 
attribute a lifespan. This analysis will select a period of analysis of 20 years since the 
lifespans of the components within each ECM are less than 40 years. By the 20-year 
mark, all construction costs will be spent and the annual utility rates will have stabilized 
well before that. 

(2) Timelines for Later Funding with RMe 

RMe funding is a subset of the Navy’s O&M budget. This O&M budget is 
planned for through the federal government’s Planning, Programming, Budgeting, & 
Execution process. This process follows a three-year cycle in which programs and 
projects are planned for at least three years before they are funded by Congress. Eor this 
analysis, if the ESPC alternative is not selected, the earliest that any RMe funded 
alternative could be funded would be three years from now. The assumption of this 
analysis is that RMe alternatives will be funded in EY20 and no sooner. This assumption 
will be tested in Chapter V, Results. 

(3) Scopes of Work and Completion Timelines Under RMe Alternatives 

The ESPC alternative consists of two independent ECMs. The requirements of 
each ECM within the ESPC alternative were only loosely described to the ESCO by the 
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Navy. The ESCO used its own expertise and industry knowledge to refine the final seope 
of the two ECMs with input from the Navy throughout the proeess. With this finalized 
scope of work for the two ECMs, the ESCO could design an engineered solution for the 
ESPC alternative as described in Chapter II of this analysis, Background and Literature 
Review. 

This analysis assumes that RMe funded ECMs will have the same scope of work 
and engineering design solution as the ESPC alternative. Additionally, the timeline for 
completion of design and construction of the ECMs is assumed to be the same, regardless 
of whether the ECM is financed through the ESPC or if it is funded via RMe. The 
Appendix, Investment Grade Audit, indicates a design/construction timeline of 
approximately one year from the date of project award. Eor analysis purposes, this means 
that if the ESPC is awarded at the start of PY17, the Navy will begin recognizing energy 
savings one year later in PY18. Conversely, if an RMe project is awarded in PY20, the 
Navy will begin recognizing energy savings in PY21. 

(4) Energy Savings Under RMe Alternatives 

Eollowing closely upon the previous assumption, this analysis assumes that the 
energy saving in MBTU/year for each ECM will be the same regardless of whether the 
ECM is financed through ESPC or funded via RMe. Over the entire period of analysis 
though, total energy savings will differ depending on when an ECM is completed. 

(5) Eormulation Rates 

This analysis assumes that the same formulation rates are appropriate for all 
alternatives. These rates are the discount rate, inflation rate, and utility escalation rates. 
Chapter III, Data and Derivation of Costs and Benefits, will discuss the values of the 
rates used and their sources. Chapter V, Results, will test the assumptions about how the 
formulation rates impact the analysis of alternatives. 
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b. Limitations 

The major limitation of this analysis is annual sustainment costs for the equipment 
and components installed as part of each ECM. The post-acceptance sustainment costs 
are readily available for the ESPC alternative. The IGA report prepared by the ESCO 
shows the annual payments to the ESCO from the Navy. These annual payments are 
broken down to show how much goes to cover the actual implementation portion (plus 
interest and profit) and how much covers the post-acceptance sustainment portion of the 
ESPC alternative. The post-acceptance sustainment cost shows the operations and 
maintenance cost for the installed ECMs during the finance period which goes from 
PY18 to PY28. Beyond PY28, the Navy is responsible for all future sustainment costs. 

Eor the non-ESPC alternatives, there is no usefully comparable sustainment data 
and costs available for analysis. NAS Eallon has a Base Operations Support Contract that 
handles the routine operations and maintenance of the base lighting and HVAC systems. 
The specific costs incurred in maintaining each system are not broken out in a way that is 
useful for comparing the Navy’s Base Operations Support Contract sustainment costs 
against those of the ESCO. The Base Operations Support Contract would be responsible 
for operations and maintenance activities for all non-ESPC alternatives for the entire 
duration of the analysis. Additionally, the Base Operations Support Contract would 
assume responsibility for operations and maintenance activities for the ESPC alternative 
starting in PY29 and continuing for the duration of the analysis. Due to the limited Base 
Operations Support Contract sustainment data, this analysis will not include operations 
and maintenance costs aside from utility costs. Chapter V, Results, will discuss the cost 
impact of including the known sustainment cost from the ESPC alternative. 


39 



THIS PAGE INTENTIONALLY LEET BLANK 


40 



V. RESULTS 


The previous chapters presented the sources of data analyzed as well as the 
methodology of the analysis. This chapter will present the results of the analysis as well 
as a sensitivity analysis of the results. All monetary values have been normalized to 
FY17$ using a real discount rate of 0.50% obtained from 0MB Circular A-94. 

A. COSTS, BENEFITS, AND PRESENT VALUE SUMMARIES 

Table 8 summarizes the numerical results of the analysis. Note that the “SIR” row 
is a ratio, not a cost. 


Tables. Summary of Results, FY17$M. 



Alternative 

Status Quo 

ESPC 

Lighting ECM 

HVAC ECM 

Lighting 

HVAC 


23.5 


Ti:s 

T^TT 

TK2 



53^ 

i.i 

4.1 

5.3 

N P V (Inve stment) 

O.I 

5.1 

1.6 

4.1 

5.6 

Utilities&Implement- 

ation 

23.7 

22.3 

24.1 

23.5 

23.8 

SIR 

0.00 

1.25 

0.68 

I.OI 

0.96 


Adapted from CNIC, unpublished data. 


The analysis results show that the Status Quo alternative has a “Utilities & 
Implementation” cost of $23.7M. This alternative has the greatest cost for utilities over 
the period of analysis. Additionally, since the Status Quo alternative is the basis for 
calculating each alternative’s NPV(Savings), this alternative shows zero savings. Lastly, 
this alternative has the least cost of implementation since there is no construction 
associated with it. This alternative, like all non-ESPC alternatives, does incur the cost of 
performing the IGA report in FYI7. 

The ESPC alternative has a total cost of $22.3M over the period of analysis. Of all 
five alternatives, the ESPC alternative has the least total cost over the period of analysis. 
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This is due primarily to the NPV(Savings) achieved, which is the greatest of all 
alternatives. The ESPC NPV(Investment) is the cost of implementing both ECMs, and 
this alternative is the less costly of the two alternatives that implement both ECMs. Most 
importantly, this alternative has the greatest SIR of the alternatives, which indicates that 
the ESPC alternative is the best investment within the period of analysis under the present 
assumptions. 

The Eighting ECM alternative has the lowest implementation cost of the non-Status 
Quo alternatives. Unfortunately, it also saves the least in utilities and has the worst SIR of 
the non-Status Quo alternatives. Its SIR indicates a negative ROI over the period of 
analysis. The data suggests that given a longer period of analysis, this alternative could be 
viable, but that extended period of analysis likely exceeds the useable life of this ECM. 

The HVAC ECM alternative appears to be the second best alternative of the 
group. It and the ESPC alternative are the only two that have a SIR greater than one, thus 
a positive ROI of the period of analysis. Annually, this alternative saves 22,049 MBTU 
when implemented at a cost of $4.1M. This equates to a MBTU unit savings cost of 
$186/MBTU-saved annually, which is the lowest of the alternatives. Compare this to the 
ESPC alternative with a cost of $194/MBTU-saved annually. 

The Eighting/HVAC ECM alternative is the costliest alternative to implement, 
coming in at approximately $500,000 more than the ESPC alternative. The NPV(Savings) 
of this alternative are second only to the ESPC alternative. The difference in the savings 
between these two alternatives is caused by the three-year difference in implementation 
dates. Once implemented, this alternative saves as much in energy costs as the ESPC 
alternative on an annual basis. This alternative does have a negative ROI over the period 
of analysis, however, a slightly longer period of analysis would give this alternative a 
positive ROI. This alternative suffers from the poor ROI that is contributed by the 
lighting ECM. 

B. SENSITIVITY ANALYSIS 

This chapter will test several assumptions discussed in Chapter IV, Methodology. 
The first two sections of this chapter test assumptions that only affect alternatives where 
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ECMs are implemented with RMe funding; Timeline to Award the RMe Project and 
RMe Project Costs. The next two sections test assumptions related to all project 
alternatives; Formulation Rates and Sustainment Costs. The last section of this chapter is 
discussion of a simple Monte Carlo simulation in which the assumptions are 
simultaneously tested except for Sustainment Costs. 

a. Timeline to Award RMe Alternatives 

The original assumptions in this analysis regarding timelines is that any RMe 
funded alternative would be awarded no sooner than FY20 which is three years from now. 
This would put the project planning in line with the DOD’s standard Planning, 
Programming, Budgeting, & Execution cycle. Full implementation of the project would 
occur one year later in FY21, at which point the Navy would begin realizing energy 
savings. 

For this sensitivity analysis, the award timeline for each of the RMe funded 
alternatives was moved back one year at a time starting from FY20. All other 
assumptions were held constant. Table 9 shows the results of this analysis. As expected, 
as the timelines are moved closer to the present, each alternatives’ SIR value improves 
because of the earlier realization of energy savings. The Status Quo and ESPC 
alternatives are included for comparison, although they are not being tested. None of the 
alternatives exceed the SIR of the ESPC alternative. 


Table 9. Test of Timeline of Award for RMe Funded Projects, SIR Values 


Alternative 

FY20 

FY19 

FY18 

FY17 

Status Quo 

0 

0 

0 

0 

ESPC 

1.25 

1.25 

1.25 

1.25 

Fighting ECM 

0.68 

0.73 

0.77 

0.82 

HVAC ECM 

1.01 

1.07 

1.12 

1.18 

Both ECMs 

0.96 

1.01 

1.07 

1.12 


Adapted from CNIC, unpublished data. 
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b. RMe Implementation Costs 

Chapter III, Data and Derivation of Costs and Benefits, discussed how the 
implementation costs for each ECM were arrived at for an RMe funded project. From the 
best regressed equation, in FY17$ the expected project cost for the lighting FCM is 
$1.5M. The Standard Error from the best lighting ECM CER is $69,283. The expected 
project cost for the HVAC ECM is $4.1M. The Standard Error from the best HVAC CER 
is $414,890. The cost of the ESPC alternative in FY17$ is $5.1M. Of this cost, 
approximately 20% accounts for implementation of the lighting ECM and 80% accounts 
for implementation of the HVAC ECM. 

Table 10 shows the best and worst cases for the ECMs’ implementation costs as 
compared to the costs of the ESPC alternative. The best-case scenario is most relevant 
and the analysis shows that the total implementation cost of the lighting and HVAC 
ECMs minus their respective Standard Errors is on par with the ESPC implementation 
cost. The lighting ECM is still significantly costlier than its ESPC alternative, however, 
the HVAC ECM is much less costly than its ESPC alternative. Ultimately, the ESPC 
alternative is less costly than even the best-case scenario in which both ECMs are 
awarded as an RMe funded project. 


Table 10. ECM Implementation Cost -/+ SE, FY17$. 



CER Cost 

SE 

CER + SE 

CER - SE 

ESPC 

Lighting 

1,497,124 

69,283 

1,566,407 

1,427,841 

1,011,760 

HVAC 

4,052,837 

414,890 

4,467,727 

3,637,947 

4,047,041 

Total 

5,549,961 

484,173 

6,034,134 

5,065,788 

5,058,801 


Adapted from CNIC, unpublished data. 

Table 11 shows the SIR values of each RMe funded alternative in a best-case and 
worst-case scenario for implementation cost. As expected, in a best-case scenario, each 
alternatives’ SIR value improves because of the less costly implementation cost. 
Conversely, SIR values saw a drop in the worst-case scenarios. The Status Quo and 
ESPC alternatives are included for comparison, although they are not being tested. None 
of the alternatives exceed the SIR of the ESPC alternative. 
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Table 11. Test of Implementation Cost for RMe Funded Projects, SIR Values. 


Alternative 

CER Case 

Best-Case 

Worst-Case 

Status Quo 

0.00 

0 

0 

ESPC 

1.25 

1.25 

1.25 

Lighting ECM 

0.68 

0.71 

0.65 

HVAC ECM 

1.01 

1.12 

0.92 

Both ECMs 

0.96 

1.05 

0.88 


Adapted from CNIC, unpublished data. 

c. Utility Escalation Rates 

The utility escalation rate affects all the alternatives. From the Energy Escalation 
Rate Calculator developed by the Department of Energy, the real utility escalation rates 
for electricity and ENG are -0.29% and 2.30% respectively. This analysis assumes that 
these rates are reliable for duration of the period of analysis. To test this assumption, the 
utility escalation rates were manipulated individually to find the point at which the ESPC 
alternative no longer has the best SIR as compared to the RMe funded alternatives. 
Additionally, the ESPC alternative’s overall NPV \NPV(Investment)-NPV(Savings)] is 
tested against that of the Status Quo alternative since it does not have a SIR greater than 
zero. 


Table 12 summarizes the findings from testing the utility escalation rates. Each 
rate was decreased individually to find the point at which at least one alternative had a 
greater SIR or smaller overall NPV in the case of the Status Quo. Eor both electricity and 
ENG, the Status Quo alternative eventually overtakes the ESPC alternative as the best 
alternative when the utility rates are decreasing. Next, the escalation rates were 
individually increased from their starting values. Eor electricity, the escalation rate 
reaches 10.6% before the Eighting ECM alternative has a better SIR than the ESPC 
alternative. Eor ENG, the escalation rate reaches 11.5% before the HVAC ECM 
alternative has a better SIR than the ESPC alternative. 
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Table 12. Test of Utility Escalation Rates 



Decrease 

Increase 

Electricity 

-6.4% 

10.6% 

LNG 

-3.5% 

11.5% 


Adapted from CNIC, unpublished data. 

These escalation rates are unrealistic. Annual escalation rates of these magnitudes 
would quickly result in either negative utility costs or unbearably high utility costs. 
Within a reasonable range of plus or minus a 200% change in magnitude, neither utility 
escalation rate causes an alternative other than the ESPC to be the best alternative over 
the period of analysis. 

d. Sustainment Costs 

This analysis has not accounted for sustainment costs from maintenance and 
repairs within the various alternatives because that data is not readily available for the 
non-ESPC alternatives. There is data available for sustainment costs for the ESPC 
alternative. These are sustainment activities that the Navy is paying the ESCO to perform 
during the 12-year finance period of the ESPC alternative. This data is found in the 
Appendix, Investment Grade Audit. The ESCO refers to these sustainment costs as Post- 
Acceptance Performance Period Expenses. Over the finance period of analysis, EY18 to 
EY28, these expenses amount to $1.3M in EY17$. 

If the ESPC sustainment cost is included in the ESPC alternative’s SIR, the SIR 
drops to 0.999 over the period of analysis. In this case, the Eighting/HVAC ECM 
alternative becomes equally as attractive as the ESPC alternative, however, that assumes 
that there are no sustainment costs for the Eighting/HVAC ECM alternative. That is an 
absurd assumption and it is safe to say that there will be sustainment costs for all 
alternatives. When those unknown sustainment costs are factored into the alternatives’ 
costs, the ESPC alternative again comes out as the best alternative. 
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e. Monte Carlo Simulation 

The assumptions for Timeline to Award RMe Alternatives, RMe Implementation 
Costs, and Utility Escalation Rates were simultaneously tested using a Monte Carlo 
simulation in Excel. The simulation was run 10,000 times. Random numbers were used to 
select values for each parameter as summarized in Table 13. Eor the timeline parameters, 
a random number corresponds to a probability range for a given number of years to 
award the RMe project. The implementation cost for each ECM is assigned a random 
value between the calculated CER cost minus and plus the Standard Error. The utility 
escalation rate for each type of utility is assigned a random value between the original 
rate minus and plus a certain percentage. For electricity, it is -/+ 0.50%. For ENG it is -/+ 
3.00%. 


Table 13. Simulation Assumption Parameters. 


Timeline to Award R 

Me 

Timeline to Award RMe 

1 year 

2 years 

3 years 

4 years 

5 years 

Probability 

5% 

10% 

50% 

25% 

10% 


RMe Implementation Cost 

Calculated CER Cost, FY17$ 

-SE 

+SE 


Lighting ECM 

1,497,124 

1,427,841 

1,566,407 

HVAC ECM 

4,052,837 

3,637,947 

4,467,728 


Utility Escalation Rates 

Original value 

Min. value 

Max value 


Electricity 

-0.29% 

-0.79% 

0.21% 

ENG 

2.30% 

-0.70% 

5.30% 


Adapted from CNIC, unpublished data. 


Table 14 shows that the simulation found similar results as those previously 
discussed in this analysis. The ESPC alternative typically has the best SIR value, 
although not always. The HVAC ECM alternative was the better alternative in 14.6% of 
the 10,000 simulations. The Lighting/HVAC ECM alternative was better in 2.6% of the 
simulations. 
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Table 14. Monte Carlo Simulation Results, SIR Values. 



ESCP 

Lighting 

ECM 

HVAC 

ECM 

Lighting/ 
HVAC ECMs 

Mean 

1.26 

0.72 

1.07 

1.01 

Max 

1.52 

0.90 

1.61 

1.45 

Min 

1.06 

0.57 

0.71 

0.71 

Exceeds ESPC 

— 

0.0% 

14.6% 

2.6% 


Adapted from CNIC, unpublished data. 


Figure 2 is a histogram showing the frequency of observations of a particular SIR 
value within a small range. All four non-Status Quo alternatives are shown in the figure 
and are color coded according to the legend in the bottom of the figure. The non-ESPC 
alternatives appear to have a normal distribution while the ESPC alternative is skewed to 
the left. 


4000 



o 


SIR Ranges 

■ ESCP aLightingECM bHVACECM BLighting H\'AC ECMs 


Adapted from CNIC, unpublished data. 

Figure 2. Histogram of SIR Results from Monte Carlo Simulation. 
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Since the Status Quo alternative does not have a useful SIR value, it was tested 
against the ESPC alternative using the overall NPV \NPV(lnvestment)-NPV(SavingsJ\ for 
eaeh alternative over the period of analysis. In 10,000 runs, the Status Quo alternative 
had a lower overall NPV than the ESPC alternative over the period of analysis in 5.4% of 
the runs. In this simulation, the Timeline to Award RMe Alternatives parameter did not 
play a part since it does not apply to the Status Quo alternative. 
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VI. CONCLUSION 


Throughout the DOD, energy use and energy effieieney at military installations is 
a high priority in infrastructure spending. Reduced spending on energy allows increased 
spending for operational needs that directly support the warfighter. NAS Fallon is 
pursuing an energy saving project for lighting and HVAC in several dozen of its 
facilities. The installation is proposing the use of an ESPC to finance the work rather than 
seeking RMe funding from the 0&M,N budget. CNIC must approve the use of an ESPC 
since it financially obligates the Navy in the future. This analysis is intended to determine 
if the ESPC alternative is a worthwhile investment and to analyze the impact of not 
awarding the ESPC alternative if it is the best course of action. The findings from this 
analysis can supplement CNIC’s decision making process on whether to reject the ESPC 
alternative. 

This analysis looked at the ESPC alternative along with four other alternatives 
including the “do nothing” Status Quo. The methodology used for this analysis was 
established by NAVE AC and follows the guidance of the 0MB Circular A-94. Return on 
Investment was the method used to determine the best alternative of the five. 

All results from this analysis indicate that the ESPC alternative is the best 
decision for NAS ballon. The ESPC alternative has the benefit of occurring immediately 
so the energy savings occur sooner than all other alternatives. Additionally, it has the 
benefit of a lower implementation cost for each ECM compared to similar NAVE AC 
energy projects. The HVAC ECM alternative is also a good decision, however, it has a 
smaller ROI than the ESPC alternative. The Lighting ECM alternative does not have a 
positive ROI and should not be considered for implementation. The HVAC ECM 
alternative does have a positive ROI and would be a good investment in the absence of 
the ESPC alternative. The combined ECMs have a favorable ROI and could be 
implemented via RMe funding in the future. Lastly, the Status Quo alternative is the least 
beneficial of the five alternatives and should not be considered a legitimate alternative. 
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APPENDIX. INVESTMENT GRADE AUDIT 


The Investment Grade Audit report was prepared by Ameresco for the U.S. Navy. 
The report is discussed in more detail in Chapter II, Section B. 
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